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CHAPTER 1

THE INTRODUCTION

Chapter 1
The Introduction
(1)

Background of the Study — One of the many prob¬

lems that confronts teachers of mathematics, and for the
problem at hand algebra teachers,

is that of the errors

made by students in examinations, tests, daily class work
or even home work.

The teacher upon teaching a certain

lesson in algebra decides to examine the students and dis¬
cover how much they have learned.

The students are given

the test and when the teacher corrects the set of papers,
she finds the pupils have made man}/ errors throughout the
test.

The teacher is discouraged.
But have the teachers ever studied these papers to

find out what errors are made by the pupils?

Have they

even seriously studied the frequency and extent of the
errors made?
(2)

General Classification of Errors -- Mathematics

teachers in all phases of the subject generally agree that
\

there are two types of errors:

(1) accidental errors, and

(2) recurring errors.
(3)

Accidental Errors -- By accidental errors, they

refer to errors of reading, writing, following direction^,
arithmetic, etc.

An accidental error is probably due to

intermittent concentration, to lapses of attention, to
instances of mind wandering.

One of the fundamental causes

of failure.in any school subject is mental inertia and its

- 4 -

accompanying weakness, mind wandering or day dreaming.

The

remedy for this is a more spirited and active class hour
with little opportunity for this scattered attention.
(4)

Recurring Errors -- By recurring errors the

teachers mean those errors which are like bad habits, once
formed they are difficult to break.

The pupil makes these

errors because the}?- do not know how to solve the example
or problem before them.

It has - been either taught wrong^

or ineffectively or learned incorrectly, and this process
once learned by the pupil is repeated until the pupil is
shown the correct solution.

This type of error is more

difficult to discover and when it has been discovered,

it

takes a considerable length of time to correct it.
(5)

Suggestions on correcting errors — The student's

accuracy can be increased by providing him with checks upon
his possible errors.

There are many checks besides that by

numerical substitution.

It is a question to what extent the

weaknesses of a pupil in arithmetic should discourage his
\

progress in algebra.

When a numerics.l check fails to

verify his answer, the error frequently is not in the
algebraic work.

If the desire is to use the ireshman or

elementary algebra to gain power in numerical computation,
much practice of this sort is worth while.

But lor gain¬

ing technique in algebra there are other checks more
valuable • and successful,

in that they locate tne error anci

in that the check itself is not so likely to be erroneous.

,

5

For instance,

errors in subtraction may be checked by

mental additions of the remainder to the subtrahend.

Glass¬

es trained to this habit will not present long division
examples perforated with many errors in subtraction and
yet in their way of expressing it,

"coming out even”.

The

correctness of signs in an expression put into a negative
parenthesis may be tested by a mental removal of the ex¬
pression

from the parenthesis.

factoring checks errors there.

Multiplication after each
This is of particular ad¬

vantage when the factoring is first taught to the pupils.
If the practice is insisted on, the pupil will at once have
means of determining what t3rpes he has or he has not under¬
stood and where he is or is not careless In using.them.
When fractions had been reduced to equivalent fractions
having their least common denominator, the mental reduction
of each fraction to its lowest terms and the comparison of
the result with the original fractions show up mistakes
when they occur.
(6)

Theory of this study --Thus reports and in¬

vestigations prove that at the present tine teachers agree
in the classification of errors as accidental and recurring.
That the latter is more deep and serious than the former.)^’
They also agree that although accidental errors may appear
more often than recurring errors, they may and are corrected
more easily.

But in spite of all these investigations into

the problem, once the data has been collected they

let xt

6

stand.

They do not investigate it in their own classes.

When the students in their classes make mistakes, they
simply mark the exercise wrong.

They do not analyze the

problem to see what the mistake committed was.

They do

not interest themselves in discovering how often this
error has been made.

Successful work in algebra in the

Junior High Schools will never be accomplished unless the
school realizes the need for personal analysis or diag¬
nosis.

But unless there is someone to search out the

root of individual mistakes or even failures, the study
of Algebra will not retain its place in the curriculums.
Therefore this report stands thus:

That an analysis should

be made in all classes of elementary algebra to discover
the nature and extent of the errors made.

And from the

results of this analysis, measures be adopted to correct
the mistakes made and suggestions offered as to the best
means of correcting these errors.
i

RELATED LITERATURE

Chapter II
Related Literature
The related material on this subject was not very
extensive.

Few studies have been carried on identical

with this one.

But there have been investigations

carried on to discover the value of teaching algebra in
the ninth grade, the'use of diagnosis in algebra and the
causes of failure in algebra.

There has been a survey

carried on by reliable men in the same school system
where this experiment took place.

All of this related

material will be presented in the following pages of
this chapter.
(1)

Survey carried on. in the same schools of

Holyoke, Massachusetts

—

Report of the Survey of the

Schools of Holyoke Massachusetts with emphasis on the
mathematics angle.

- Strayer (1)

The Sones-Harry High

School Achievement Test was given in grades nine, ten,
eleven and twelve of this school system and compared
with a standard system.

The data obtained was:

Those

pupils who are taking mathematics in the Holyoke High
School are achieving average results, but a smaller pro¬
portion of the pupils of the Holyoke High School are

(1)
Strayer, George D., (Director), Report Of The
Survey Of The Schools Of Holyoke, Massachusetts, Holyoke
Massachusetts', Unity Rress, 19B0.

10

taking mathematics courses of the type covered by the
test than is usually the case in other high schools.
The following recommendations were made:
. 1.

Practice pads or work books in arithmetic

and algebra should be used in the Junior High School
to habituate more firmly the fundamental processes
of those subjects.
2.

More emphasis should be placed on the

development of and the use of algebraic, geometric
and trigonometric formulas, so that the pupils may
use them as working tools.
3.

Standard tests should be used regularly so

that points of weakness may be located in class
groups and in the work of individual pupils.
4.

The faculty should consider the question of

the kind and amount of mathematics that should be
included in each course of study.

The problem should

be solved in the light of the needs of the pupils
of Holyoke.
(2)
ures .

Gases Involving Diagnosis — Diagnosing Fail¬

Spencer (2) constructed a series of tests cover¬

ing the material of first year algebra and tested the

(2)
Spencer, Peter L., "Diagnosing Cases of Fail¬
ures In Algebra" — School Review, XXXIV (May, 1926)
pp. 372-6.

11

students.

Some of the students could not comprehend

relationships, develop a formula and then solve problems
by means of it,

etc.

The results apparently fev* * little

doubt that there was ample reason for the failure of
most of the pupils in their courses in algebra.
Diagnosis In Advanced Algebra

--

Tingling (3)'in

this experiment dealt with a high school class in advanced
algebra, and made a diagnostic study of each individual
stud.entTs weakness in their preparation from their first
year’s work in algebra and tried to raise the ability of
the lower or poorer up to the level of the higher or
better ones.
weeks.

The experiment lasted a period of fifteen

Results indicate that the group method proved to

be more successful in raising the ability of the poorer
students.

The competition among the members of the class

was much more keen at the end of the experiment than any
earlier time because of the fact that the level of ability
of the class was constantly rising, making it more
difficult for the poorer students.
Improvement Through Diagnostic Tests — Spencer (4)
(3)
Yingling, Robert W., "Diagnosis And Training
In Advanced High School Algebra" -- School Science And
Mathematics XXVI (Oct., 1926) pp. 729-34.
(4)
Spencer, Peter1 L., "The Improvement Of Teach¬
ing By Means Of "Home-Made" Non Standard Diagnostic
Tests^And Remedial Instruction" — School Review XXXI
(April, 1923) pp. 276-81.
*
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reports that teaching can be improved by means of home¬
made diagnostic tests and remedial instruction.

He came

to the following conclusions.
1.

"Iiom.e-made" examinations can be made

diagnostic and valuable to both pupils and teachers.
2.

Tests must be diagnostic of both class and

individual weaknesses if they are to be of value as
teaching aids.
3.

Pupils of more than average ability respond

to this method because it gives them an opportunity
for progress not afforded by ordinary methods.
Diagnostic Tests Aid Supervision — Beam (5) relates
how a group of principals in Decatur, Illinois made use of
diagnostic tests as a method of supervision.

The prin¬

cipals constructed a diagnostic test in ninth grade
algebra and administered it to the students in the classes.
t

Students were classified according to their abilities
when the test results were studied.

Poor students had

special classes, hopeless ones were dropped from the
algebra class and they were allowed to elect another sub¬
ject.

Average students remained in class.

Effective

remedial measures were adopted and carried out with triose
students.

(5)
Deam, Thomas M., "Diagnostic Algebra Tests And
Remedial Measures" — School Review XXXI (May, 1823)
pp. 376-9.

L

13

(^)

Value of Algebra -- Mathematics in the Junior

High School — Clark (6)

justifies the teaching of algebra

in the Junior High and sets up general objectives.

He

offers suggestions on what, how and why in teaching
algebra.

He gives us newer ideas in the .teaching of the

subject and elevates one chapter to diagnosis and re¬
medial teaching.

He suggests the use of different diag¬

nostic tests to be used in analyzing errors and examples
of their use to establish the usefulness and validity of
the test.
Average Freshmen In Algebra -- Gray (7) states that
the average freshman is impatient of detail in writing
out his work and is prone to attempt to do mentally more
than his mastery of technique warrants.

While solving

equations, he makes more transformations in one writing
than he is capable of making accurately.

Frequently,

much time is lost in calculating the results of tracing
V

errors when the completed work reveals that calculations
were not correct.

The average freshman should be a

being susceptible to a considerable degree to training .
in clear and unified thinking.

(6)
Clark, John R., Mathematics In The Junior High
School _ Yonkers, New York:
Gazette Press, 1925, 160 pp.
(7) 'Gray, Ella Durgin, "Freshmen Algebra And The
Average Freshman". Mathematics Teacher VI (March, 1914)
pp. 166-81.
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(4)

Psychology Of Errors -- Errors In Algebra

Explained Psychologically -- Symonds

(8) says errors

are due to characteristics of behavior and lists them as
follows:
1.

Multiple response to the same external

situation.
2.

Pupil has a set or determination in being

presented with a problem -- to get the answer.
There are 3 common satisfactions that determine
a pupil’s choice of his answer.
(a) Social approval evidenced by the teacher
or members of the class.
(b) Another satisfaction is an answer with
which he may compare his -- the answer book or key.
(c) A more intrinsic satisfaction is that of
checking the answer.
3.

Partial response to the situation.
t

4.

!tResponse by Analogy”

5.

Associative shifting of the learning pro¬

cess itself.
6.

Preservation.

7.

Anticipation.

Symonds, Percival M., "The Psychology of Errors In
Algebra" .
Mathematics Teacher XV (Feb • 1922) PP• ;■ -104 •

15

The outcome of this psychological analysis of errors
in algebra is that it enables one to improve their teach¬
ing.

This analysis of errors shows the need for drill or

practice in various processes.

Since many errors are

largely due to mind-wandering, the psychological analysis
shows the need for re-organigation of classroom procedure.
This report made no allowance for the reasoning capacity
of the pupil but was based on the behavior patterns of
pupils.
(5)

Studies Closely Resembling This Study -Common Errors -- A report of mathematics

teachers

(9)

lists some common errors in elementary

algebra.

a)

3

(2)

(a)

(3)

(x + a)2- x2 * a2

(4)

(a * x)

(5)

x5 - y5- x4 + v4
x
- y

(6)

a (c + d)

+b

(7)

a ^ + b° =

(a + b)

(8)

(a f b)' = (a + b)

(9)

(2x -4m)

« 6x -4m

l3 - 3

(to)

(b * x)

(.-3)2 - -9
l

p
« ab + x^

(c - d) e (a * b)
(a2t

(c t d)

(c -

2ab2+

(a2 - ab + b2)

x + a = x
2y t a
2y

Report of Mathematics. Teachers on, "Some Common
Errors In Elementary Algebra" -- Mathematics Teacher 11
(March, 1910) pp. 84-6.
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(10)

2x t y = 0
2x t y

(11)

a t b - ac t b
c

(12)

at c z ac
b
be

(13)

a - b -c = a -b -c and a- b -c td = a- b - jo t d
b
b
b
e
e
e
e

(14)

x —

» x -b

____G.

-

d

(15) __a_
a-b

and x-y = 1
2a
2a

cd

= , a
a+b

(16)

x = 30
5

therefore x = 6

(17)

x = 1
2

therefore ,6=3
x •

(18)

ax = b

therefore x = a
b

(19)

abx = c therefore x = c -ab

(20)

x = a
3

(21)

X

—

a

therefore x = -3a

=

therefore

0

x

-

a

=

b

b
^ - 3y = 8

(22)

y =

(23)

X

(24)

X

(25)

abx * cdy - a
abx t
y = d
cdy -y - a-d
V = a -d
ed

-1 ,

t v
b
a

therefore

1

CO

2, 4x

ii

s=

=

X:

therefore
bx + ay

-

3

=

1

=

a
d
a-d

(in proofs)
OR

abx t cdy
abx t
y
cd

s
—

17

(27)

(a) a~° =

;

(b) a^/':' « a°

(d) 3a"2 = 1
3a2

;

(e) 3"1

lx
^ a

=

H ax

;

;

(c) a^^'

;

(f)

= ±

rz

a° = a

Ito

(a)

1—11 1

()3 = a ^) 3 = a®

II

(26)

(b)

=

^

35

(c)
2/3

(30)

F" “

3/2|

-2f = 3x -1 *4

(a)

(|~3x -1

(b)

(2|aTb = 5) therefore 2(a + b)

(c)

^x = 4,

therefore

= 25

x = 2

axs } bx = c, x(ax+b) = c, x=

c
ax t b

(31)

x'J-5x = 0, x -5 = 0, i = 5 + xS -4 4* 4 = 25

(32)

x (x-4)

= 3,

therefore x = 3, x-4 = 0, x -2 = 5

Analysis of Errors -- Hotz (10)

in his manual for

the first year algebra scales presents an excellent dis¬
cussion on an analysis of errors.

He says that tests

should be used much more extensively to reveal weaknesses
\

in teaching and to aid in the diagnosis of difficulties
encountered by pupils.
of a test,

In the analysis of the results

the types of problems causing special difficul¬

ty are usually quite readily disclosed, but it is a more

Hotz, Henry I., "Teacher's Manual For First Year
Algebra Scales", Teacher's College Contribution To
Education, New York, Columbia University Press'/ "1922,
pp. 1-46.

18

intricate matter to determine with any degree of pre¬
cision, the mental processes that may be responsible for
the various errors.

Hotz presented several table to show

the errors made and these tables will be presented.
Table I
Glassification of 443 Errors most Frequently made
by Pupils of the Fort Smith (Ark.) High School in the
Hotz Scale Equation and Formula Test.

Classification

Series B.

Examples

Performing wrong operations
in solving problem.

2/3 z = 6 OR
z - 12/3

Error in sign in transposition.

5a + 5 = 61 - 3a
5a - 3a- 61 * 5

Simple arithemtical errors.

3x = 9 - 3
3x r 9

Error in using the four
fundamental operations of
algebra.

7n - 3n = 12 - 4
lOn = 8

Adding denominators in add¬
ition of fractions.

y/3 + y/4 =5/2
y/4 = 5/2

2/3z . 6
z - 6 -2/3

V

Incomplete solution.

4y + 3y = 30
7y = 30

Error in sign in division.

- 3z = - 6
Z = - 2

Error in copying.

7m - 3n = 12
7n - 3n = 12

OR 18 -4x = 2
- x = 1/2

Using exponent for coefficient. p2 -5p = 50
-3p = 50
Error in substituting the
value of the unknown in the
formula.

Area of a triangle = 1/2 bh
Find area when b = 10 ft.
and h =
8 ft.
Area of triangle = 5x4 = 20

Solving for wrong unknown in
a formula.

rm = el, solve for m
r = el/m

*
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-

Table II

Glassification of 443 Errors most Frequently made by
Pupils of the Fort Smith (Ark.) High School in the Equa¬
tion and Formula Test Series B and the Frequency of their
Occurrence.

126

28.4

Error in sign in transposition.

86

9.4

Simple arithmetical errors.

84

18.9

Error in using the four fund¬
amental operations in algebra.

57

12.8

Adding denominators in addition
of fractions.

37

8.5

Incomplete solution.

15

3.4

Error in sign in division.

12

CV2

Error in copying.

11

2.5

Using exponent for coefficient.

3

.6

Error in substituting the value
of the unknown in a formula.

2

.4

Solving for the wrong unknown in
a formula.

1

.2

Unclassified

9

2.1

Performing the wrong operation
in solving for unknown.

•

Percent

00

Number

Class ification

20

Table III
Summary of Errors made by Pupils

in 36 Wisconsin

High Schools on the Addition and Subtraction Section of
the Hotz Scale, Series B, March and April,

1921.

Percent of Total
Number of Errors
Eailure to deal with parenthesis
correctly.

38

Eailure to write the denominator
of a fractional answer.

24

Wrong process
subtracting).

18

(adding instead of

Writing the sum of the numerators
for a new numerator and the sum
of the denominators for a new de¬
nominator.

4

Errors whose cause could not be
discovered.

8

Miscellaneous errors.

_8
100
Table IV

Summary of Errors made by Pupils in 36 Wisconsin
High Schools in the Multiplication and Division Section
of the Hotz Scale, Series B, March and April,
Errors

1921.

Percent of Total
Number of Errors

Mistakes in dealing with exponents.

37

Using the wrong process.

14

Mistakes in the use of signs.

13

Mistakes in factoring. *

11

Eailure to deal with parenthesis correctly.

6

Errors whose cause could not be discovered.

11

Miscellaneous.

8

100

v
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Table V
Summary of Errors made by Pupils

in 36 Wisconsin

High Schools on the Equation and Formula Test of the
Hotz Scale, Series B, March and April,
==z^"'

~~ "
Errors

.

“

1921.
Per cent "of Total
Number of Errors

Failure to change signs when trans¬
posing.

28

Multiplied by the coefficient of
the unknown in order to solve.

18

Use of wrong process.

10

Mistakes in solving literal formulae.

8

Errors in dealing with parenthesis.

7

Mistakes in substitution in formulae.

7

Finding one root only in solving a
quadratic.

7

Dividing by the numerator of the co¬
efficient of the unknown in order to
solve.

6

Errors which could not be explained.

5
4
100

Miscellaneous errors.

Table VI
Summary of Errors made by Pupils in 36 Wisconsin
High Schools on the Problem Test of the Hotz Scale,
Series B, March and April, 1921.
Errors

Percent of Total
Number of Errors

Errors due to ignorance of fund¬
amental relationships Jthose in length,
breadth, volume and thickness).
Errors due to misreading the problem.
Errors which could not be explained.

41

7
100

-

22

Table VII
Classification of Errors most frequently made by
Pupils of the Fort Smith (Ark.) High School in the
Problem Test, Series B.

Error

Example

Percent of
Total Number
of Errors

Incorrect operation
indicated usually due
to failure to compre¬
hend the problem.

If a coat costs x
dollars, how much
will 3 coats cost?
Ans. x - 3.

35

Conditions of the
problem apparently
understood but the
work left incomplete.

The total number of
circus tickets sold
was 836.
The number
sold to adults was
136 less twice the
number sold to
children.
How many
were sold of each?
Ans. 2c ^ number of
ch"TldrenTs tickets
sold. 2x - 136 =
number of adults
tickets sold.

15

10

Failure to comprehend
the problem, perhaps
due to confusion and
use of technical terms.
Inverting the order
of terms in subtraction and division.

A man is m years old.
How old was he r years
ago?
Ans. r - m

5

Simple arithmetical
errors.

5

Attempt to solve
problems containing
two unknowns with
only one equation
containing the two
unknowns.

2

i

CHAPTER 111

DEFINITION OF THE PROBLEM AND OUTLINE OF PROCEDURE
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Chapter 111
Definition Of The Problem And Outline Of Procedure
(1)

The Problem Defined — The problem which this

study seeks to discover is:

What are the most common

errors made by beginning students in elementary algebra?
(2)

Place Where Experiment Occurred — The ex¬

periment carried on in the problem was conducted in the
City of Holyoke, Massachusetts.
(3)

Organization of Schools -- The total enroll¬

ment of the five Junior High Schools in Holyoke is
approximately 1700.

In addition to a selection of one of

three curricula offered, household arts and manual train¬
ing are available to the pupils in grades seven to nine.
Departmentalized instruction is provided.

Art and music

are taught by tea.chers trained in these fields.
There are three curricula, general, foreign lang¬
uage and commercial.

The foreign language curriculum
\

offers a choice of French or Latin in grade eight.
Otherwise all pupils take the same subjects for grades
seven and eight.

For pupils in grade nine, the variation

is not much better than that existing in the offerings
afforded pupils in the eight grade.
Under the present plan the pupils enrolled in the
Holyoke Junior High Schools make their decisions with
regard to the curriculum they wish to choose at the end
of their seventh grade.
3

Pupils are grouped, wherever

practicable, according to the results of intelligence
tests and teacher judgment.

In regard to algebra, as this

subject is no longer required in the Junior High Schools,
the classes are not as large as they might be.
In the Holyoke schools, only three of the existing
five Junior High Schools have classes in elementary
algebra.

The three schools which teach it are:

Lawrence

Junior High, Metcalf Junior High, and Highland Junior High.
Each of the schools mentioned above have one class in
elementary algebra with the exception of Highland Junior
High which has two divisions in this subject.

The other

two junior highs namely West St. Junior High and Morgan
Junior High do not have classes in elementary algebra.
The demand for this subject in the two last mentioned
Junior High Schools,

is so slight that the schools teach

the students some other phase of mathematics,
tical mathematics or review arithmetic.

e.g. prac¬

The few pupils,

who are interested in elementary algebra, are advised to
take it in the Senior High School.
(4)

Selecting The Subjects — The subjects were'

chosen, as has been stated,

from classes in elementary

algebra in the Junior High Schools of Holyoke,
students,

that could possibly be obtained, were used in

this experiment.
same grade,
schools.

All the

The students were all members of the

i.e. grade nine, but attended different

There were 117 pupils used in the experiment,
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the largest group coming from the Highland Junior High
which had sixtjr-one students representing two divisions
in elementary algebra.

Metcalf Junior High contributed

thirty-one subjects for the experiment, while Lawrence
had twenty-five pupils in its algebra class.

Therefore,

the total number of subjects used in the experiment was
117.

The pupils selected for this experiment and the

permission to have the teachers administer the tests to
the pupils were obtained through the cooperation of the
superintendent of schools, the' principals of the re¬
spective Junior High Schools and the teachers in the
individual classes.
(5)

Aim of This Study — This particular problem is

intended to cover as much material in elementary algebra
t

as the beginning pupils have covered in their daily
class work.

Having obtained the tests from the teacher,

they were thoroughly diagnosed and analyzed to discover
the errors made by the students and the extent to which
these errors occurred among the subjects.
(6)

Condition Under Which The Study Was Criven — As

has been stated, the students were given the tests.

Al¬

though the taking of the tests was not voluntary neither
was it compulsary.

The tests were administered to the

students by their respective algebra teachers like any
ordinary class test or review.

The pupils were not coach¬

ed or drilled on any of the problems and they were not
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reviev/ing the subject matter for any examination.

Care

was taken not to arouse any uneasiness or unnecessary
nervousness on the part of the pupil by having their reg¬
ular teachers administer the tests.
(7)

Material Used — The experiment was carried on

through the use of a standardized test.

The standardized

test was used to encourage objectivity.

Previous claos

work or tests might be used in this type of experiment but
they would not be as valid or reliable as the objective
tests.

Then too, papers from many schools would set up a

critical situation.
(8)

Tests Used — After much deliberation and com¬

parison with other diagnostic tests,

it was decided that

the Douglas Standard Diagnostic Test for Elementary Algebra
was the best one and the test most desirable for this ex¬
periment.

This test contained the greater number, of items,

as well as testing many phases or angles of the same type
problems.

As the students involved in the experiment had

just completed the four fundamentals and simple equations
in elementary algebra, this turned out to be another factor
in selecting the test.
(9)

Description Of Test — In order that all may

know just what the test contains, a brief description of the
test follows.

The test used for this experiment was The

Douglas Standard Diagnostic Test 1 or Elementary Algebra.
1

~

'

1

1

^

"■

s

This diagnostic test is composed of tests exercises of
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varying difficulty.

It samples the more important types

of skills of subject matter within the scope of the test.
No time limit is set for the test.

This feature permits

practically all pupils to attempt all exercises.

The ex¬

ercises are of varying difficulty, as has been stated, but
this fact is incidental in the selection of types Of test
exercises to the fundamental criteria of obtaining a
sampling of the different more important phases of first
year algebra.
The entire test consists of four parts or sections:
Test 1

- Dealing with Addition and Subtraction.
\

Test 11

- Multiplication.

Test 111 - Division.
Test IV

- Simple Equations.

Each section has ten items which totals up to 40 items
for the entire test.
As an illustration of the sampling to be found in
v

this test, an analysis was made of Section 3., dealing
with addition and subtraction so that everyone may under¬
stand and appreciate the true value of this test.

Test 1

has ten problems, six devotee, to adrlition and four deal—
ing with subtraction.

Problem 1 is a test of the

ability to add two simple positive literal monomials of
the first rower.

Problem 2

the use of a negative number.

is similar but involves
Problem 3 considers

literal exposing of the second power.

In problem 4 the
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figures to be added are polynomials.

In problem 5 which

calls for simplifying and collecting terms, a slightly
different type of addition is introduced.
the removal of parenthesis is involved.

In problem 6,
The problems in

subtraction are also of varying difficulties.

Problem 7

merely demands the subtraction of one simple literal
monomial of the firsr degree from another.

Problem 8

the subtrahend and minuend are expressions of the second
degree, while in problem 9 there are polynomials.

In

problem 10, the ability to write the subtrahend and
minuend in the proper order is tested.

Thus the out¬

standing important types of addition and subtraction
problems are included for testing in this standardized
test.

If the other sections of the test were analyzed,

the merit and effectiveness of this test would be
strengthened.
(10)

Treatment of Tests -- After the tests had

been administered and obtained from the teachers, they
were analyzed and diagnosed carefully and thoroughly to
discover the errors made by the students in their work.
Having discovered just what the errors were they were
tabulated to find out the frequency of occurence of
these

errors.

CHAPTER 17

THE DISCOVERED ERRORS

Chapter IV
The Discovered Errors
(1)

Presenting the Data -- This chapter is devotee

to the presentation of the results found in the tests
given to the students in the elementary algebra classes
in the Junior High Schools of Holyoke, Massachusetts.
The tests were administered,

then analyzed for the errors

that occurred in the pupils work and now all that remains
is the presentation of the material.
question:

Some may ask the

Why study the errors made in elementary algebra?

But if they look at the data presented in Table VIII, they
will find their question answered.

The students have made

many errors in the test and these errors should be known
so that they may be corrected.
Table VIII
Number of Errors made by the Students in the Entire '
Test and Different Sections of the Test.
Number of Errors Occurring In School
Total
C
B
A

Sections of Test

Test I
Addition and Subtraction 49

85

_ .
154

_
2bb

Test II
Multiplication

67

109

215

391

Test III
Division

71

23

186

280

82

83

192

357

269

300

747

1316

*

Test IV
Simple Equation
Total

)

34

(2)

Plan for-Presenting Data — The test used in

this experiment is divided into four parts, and

in this

Chapter for the sake of clearness and simplicity in
comprehending the test results it was deemed advisable
to present each section of the test separately with a
short discussion of the test results.

The results of

each individual school are presented singly so that
they might be compared but they have also been united
and the total results listed in the tables which follow.
(3)

Test I dealing with Addition and Subtraction

It is a generally accepted fact that addition and sub¬
traction are important processes in arithmetic.

This

statement can be easily carried over into the field of
algebra and applied with the same certainty.

It is

very important that every student in elementary algebra
learn the process of addition and subtraction and mas¬
ter it correctly.

When the students understand the pro¬

cess of addition and subtraction and can solve problems,
they possess excellent working tools with which they can
solve other algebraic problems.

Therefore it is not

only necessary that algebra teachers teach the students
the correct method for addition and subtraction in al¬
gebra but also that the teacher follow her teaching by
diagnosing the pupil's work and thus discovering the
errors committed by the students in elementary algebra
classes and the frequency of their occurrence.

Table IX
The Errors found in Addition and Subtraction and
the Percentage of Times Each Error occurred in the
three different schools.
m
~ -r,
Type- of Error

Percentage of errors occuring in school
B
C
Total

Wrong process (s ubtracting instead of
adding).

8.2

1.2

3.9

3.8

Mistakes in arith¬
metic (adding in¬
correctly) .

18.4

27.1

19.5

21.5

Incorrect copying.

8.2

7.1

9.1

8.3

22.5

12.9

22.7

19.8

Wrong process (add¬
ing instead of sub¬
tracting.

14.3

22.3

11.7

15.3

Mistake in signs.

12.1

15.3

13.

13.5

Failure to bring down
a term (term neglected)

12.1

8.2

8.4

9.

Failure to simplify
terms or collect
terms correctly.

2.1

3.5

4.5

3 .8

Failure to collect
all the terms.

2.1

Failure to deal with
parentheses corrector.

No regard or estimate of signs.

(4)

i
2.4

3.9

3 .1
V

0
100

0
100

3.3
100

1.7
100

Comparison of the percentages distributed

among the three schools -- In regard to the first error
listed in the table, School A had the largest percent-
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age of errors to report. ' Although it is not much higher >
than the other two schools,

it shows the tendency of this

school to fall into this error more often.
the lowest percentage.

School B had

In contrast, the errors listed

"mistakes in arithmetic” which was in this case in¬
correct addition, School B had the largest percentage
that of 27.1.

This was approximately 8$ higher than the

other two schools and indicates that this is a common
error in this school.

This error falls into the class/

ification of accidental errors because ordinarily the
student knows how to add several simple numbers together
but due to haste,

carelessness or mind wandering he com¬

mits this error.

Had they stopped to check this problem,

there would not have been such a frequent occurrence.
The error caused by careless or incorrect copying was
stable and occurred about the same number of times in all
the schools.

Failure to deal with parentheses correctly

was committed 22.5$ by students of School A and 22.7$ by
members of School C.

Only 12.9$ of the pupils of School

B made this mistake approximately 10$ lower than the
other two algebra classes.

School B students followed
\

the wrong process in many of the problems in Test I by
adding instead of subtracting as the example called for.
This error appeared in the school just mentioned a total
of 22.3$, 8$ more than students of School A and 10.6$
more than the pupils in School C.

Mistakes in the use
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and treatment of signs in algebra are not a rare occurrence,
students are very likely to get confused in applying the
algebraic law of signs.

Pupils are apt to change the sign

an expression in addition and add the terms or they are
liable to forget to change the sign of the subtrahend in
subtraction.

Although the failure to bring down a term in

an expression or the neglect of a term in a problem is a
stupid error still it occurs with some degree of fre¬
quency.

School A committed this careless error more than

the other schools, this error caused 12.1% of the errors
in the algebra classes of School A, 8.2% in School B and
8.4% in School G.

The inability of the students to sim-

ulifv or collect terms in addition and subtraction was
exemplified to a minimum degree in all three schools, the
i

percentage for this mistake ranged from 2.1 in School A
to 3.9 in School C.

In many of the problems dealing with
\
■>

collection of terms in addition and subtraction, the
students did not collect .all the terms involved.

How¬

ever this type of error contributed only a slight per¬
centage to the total percentage of errors.

In School C,

there was one pupil who seemed to have no regard or
estimate of signs.

This student in the treatment of

signs employed a different plan for each problem.
(5)

Listing examples of the types of errors —

The following is an illustration of the wrong process
in the addition of two numbers which occurred in the test:
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Add 6x and -2x = 8x.

Evidence of an arithmetical error

was shown in this example:

6x -2x = 3x.

The occurrence

of incorrect copying was brought to light by the follow¬
ing which is one of the many similar illustrations.
Eind the sum of:

5c -4d

, 3d'

-4c -3m2, and 2d2 -c -xy.

5c -4d2
4c -3d -3m2
c +d2
-xv

.r»—

-

■■

..

..V,

9c -6d 4-3mf +xy
Inability to deal properly with parentheses in addition
and subtraction was one of the most frequent errors com¬
mitted in this section of the test.

For example:

Simplify by removing parentheses and collecting terms
2c -3b®-(5c -4b3)

-(4x +

c * b3

2c -3b3-5e <-4b3 -4c -c +b-' +bJ

-b3)
This sample illus-

tration may also serve to represent the error caused by
failure to simplify terms or collect terms correctly.
The error caused by employing the wrong process in sub¬
traction or adding a term when it whould be subtracted'
from another is demonstrated in the following problem.
Subtract

8b2 -10x^ +7bx^
3iw - 6X1 -4bx^
lib2 t 4x4 +llbx3

Evidence of errors in the treatment of signs may be dis¬
covered in the previously listed problems.

A slight and

infrequent error in addition and subtraction is the fail¬
ure on the part of the student to collect all of the
terms in the problem.

For example, problem 5, deals with
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the collection of terms.
correcting terms:
O

Simplify the following by

13a2 +7ab3 -4x2y -10a2 -4ab3 -2a2

rz

-2xy + nr
13a2+7ab° -4x2y
-10a2-4ab2
^
_- 2xY- ; y

(6)

t ■

r-

Distribution of number of errors made in

addition and, subtraction — School A made 49 errors
in this section of the test.

The pupils in School B

—

*

committed 85 errors in the addition and subtraction
section of Test 1.

Stud.ents of School C made 154 errors

in this same section of the test.

It must be remembered

however, that the distribution of the students in the
Junior High Schools is not even.

School C has a larger

attendance in its algebra classes than the other two
Junior High Schools and this accounts in part for the
larger number of errors committed in this school.

The

total number of errors made in the addition and sub¬
traction test in the three schools was 288.
(7)

Major errors discovered, in Addition and Sub¬

traction Test -- The following is a list of the major
\

errors discovered in the test on addition and subtrac¬
tion in descending order of frequency.
1.

Mistakes in arithmetic.

2.

Failure to deal with parentheses correctly.

3.

Wrong process.

4.

Mistakes in the use of signs.
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5.
(8)

Terras neglected.

Accidental and Recurring Errors — The errors

made in the addition and subtraction test were classified
as accidental and recurring and these errors are listed
in the following order:
Accidental Errors
1.

Mistakes in arithmetic.

2.

Incorrect copying.

3.

Failure to bring down a term.

4.

Terms neglected.

Recurring Errors
1.

Wrong process.

2.

Failure to deal with parentheses correctly.

3.

Failure to simplify or collect terms

correctly.
4.
(9)

Mistakes in the use of signs.

School Errors in this Addition and Subtrac-

tion Section — By school errors is meant those errors
t

’

which occur frequently and persistently in the test papers
of each individual school and are listed as follows: x
School A
1.

Failure to deal with parenthesis correctly.

2.

Mistakes in arithmetic.

School B
1.

Mistakes in arithmetic

2.

Wrong process.
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School G
1.

Mistakes in arithmetic.

2.

Failure to deal with parenthesis correctly.

(10) Test II-Multiplication — lust as it is a gen¬
erally accepted fact that addition and subtraction are
important processes in arithmetic and algebra so it is
with multiplication.

Multiplication occupies one of the

important places along with addition and subtraction in
the classification known as the four fundamentals.

It

is very necessary that the students have the proper
training and instruction in the use of this last men¬
tioned fundamental because they use it quite frequent¬
ly in the solution of other problems.

Therefore teach¬

ers should stress the learning of the processes in mul¬
tiplication on the part of the students.

The type of

errors most frequently made by the students in elemen¬
tary algebra have been discovered and the results of this
analysis are presented in Table X.
(11)

Discussion and Comparison of the errors'made

in the algebra classes of the three schools — Although
a mistake in the use of signs is a careless error still
it persists throughout the test papers and to a high
degree.

In School. A, the pupils In the algebra class

committed this error more than any other o± the errors
listed.

This error was discovered to occur 13 times in

a group of twenty—five students.

inis appears to be a
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Table X
The Errors found in Multiplication and the Per¬
centage of times Each Error occurred in the three
different Junior High Schools in the City of Holyoke,
Massachusetts.

M
00

•

16.4

Mistakes in dealing
with exponents.
a) careless errors
b) multiplying ex¬
ponents instead
of adding them

.9
31.2

3.3
42.3

2.6
34.3

19.4

19.3

4.7

11.3

5.9

4.6

4.2

4.6

Mistakes in arith¬
metic .

7.5

15.6

8.4

Wrong process.

7.5

2.8

.9

2.6

11.9

3.7

.9

3.6

9.

5.5

10.7

8.9

.

Failure to deal with
parentheses correctly.
One term of the bi¬
nomial not multiplied.

Term neglected.

"

O

Mistakes in copying.

•

11.

C\2

19.4

1—1

Mistakes in signs.

. •

Percentage of errors occurring in school
«
Total
B
C

i—1
03 03

m
^ ^
Type of Error

Failure to bring down
a term.

3

5.5

5.1

4.9

Failure to collect
like terms.

0

0

1.4

.8

class error.
error,

100

100

100

100

While it does not appear to be a serious

it should be corrected because the proper use of

signs in algebra is an important lesson and should be
mastered by the students.

While we have singled out
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School A for discussion,

it does not follow that it was

the only school that made this error.

This error was

distributed in the three schools to a certain degree of
equality,
error,

19.4% of the pupils in School A made this

18.1% in School G and only 11% in School B.

Students seem always to make errors in dealing with ex¬
ponents, they get confused and although they know the
correct process thewfail to apply that information in
solving the problem.

In multiplication this error is

quite common, however we must distinguish between careless treatment of exponents,

for example 2x

P

4
X 3x - 6x~;

and the common error students make which is multiplying
exponents instead of adding them, for example 2x2 X 3x3
= 6x^.

As this is a frequent error,

it is not sur¬

prising to see a large percentage of students making it.
School C committed this error a greater number of times
than the other two schools.

A percentage of 42.3 was

marked down against the students in the algebra class of
School C, while 31.2% of the students in School B per¬
formed. this process incorrectly, and. School A had the low
percentage of 13.4 for this mistake.

Failure to deal

with parentheses correctly is listed as another common
error.

This error occurred frequently in the test

papers of School A and B with a percentage of 19.4 and
19.3 respectively.

School C knew how to deal with the

parentheses and the percentage of errors from that
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school was 4.7, a difference of approximately 15%.
Failure to multiply one term of the binomial was committed
by the students on an average of 4.6%.

Mistakes in

arithmetic were quite evident in the multiplication sec¬
tion of the test.

School A and C made about the same

number of errors in computing the arithmetical values
but 15.6 percentage of the errors in arithmetic were
attributed to the students of School B.

An observa¬

tion might be made here that errors in arithmetic and
failures to deal with exponents correctly were two of the
greatest failings of the pupils,
School B.

in the algebra class of

They appear to be able to master the diff¬

erent methods and processes in solving the various
algebra problems, but they fall down in the arithmetical
computation.

This may be attributed to improper instruc¬

tion in arithmetic in the early grades or carelessness on
the parts of the students in order that they may finish
the example quickly.

Some pupils did not employ the

right process in solving the problems in multiplication,
but this was a minor error as shown by the percentages.
Mistakes in copying should have been unheard of in-this
test because the problems were printed and all that was
necessary was to multiply the multiplicand by the mul¬
tiplier and write down the correct answer but the stu¬
dents in many cases wrote the problem and in this act
copied the expressions incorrectly.

Many of the students

-
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neglected a term either in multiplying or in writing
down the answer.

In addition to the errors previously

listed, the members of the algebra class of School C
made another error, namely failure to collect like
terms.

This might be more clearly understood by citing

an example of this error.

(4x2 * 4x + 1)

(x + 2) * 4x3

4xS + 2x2 + x + 8x + 2.
(12)

Listing examples of the types of error made

in the multiplication test --An example of mistakes in
dealing with signs is

(2x)

(-3x) = 6x2; while an in¬

stance of a careless treatment of exponents is found in
the same problem (2x)

(-3x)

= - 6x.

A case of the im¬

proper process in dealing with exponents that is multi¬
plying exponents instead of adding them is next illus¬
trated (3a°x)

(2asx2)

= 6a^x3.

The problem 6mn (7 - 2ma2)

« 42m2n^as - 12m^na^ illustrates an incorrect method of
dealing with parentheses in an ordinary multiplication
problem.

Several of the pupils neglected a term or did
*

not multiply one term of the binomial and this error is
shown in the following case (2a - 3ac~')
2a^ - 3a^rc
(13)

(a^ - c2)

«

- 3ac^.
Distribution of number of errors made in the

multiplication test — A total number of 67 errors were
made by the students in the algebra class of School A.
The errors which contributed most to the total number
were mistakes in signs and failure to deal with paren-

46

theses correctly.

In the algebra class of School B the

students made 109 errors in the multiplication test.
And in School C the students had committed £15 errors
but this school has two divisions of algebra which
accounts for the large number of errors.

Both School B

and C made the most errors in dealing with exponents,
they multiplied the exponents instead of adding them,
the students of School G committed this error 40 times
in a group of sixty-one while School B pupils made this
mistake 5 times in a class of thirty-one.
()

Major errors discovered in the multiplication

test — The following is a list of the major or most
common errors discovered in the multiplication test in
descending order of frequency:
1.

Mistakes in dealing with exponents.

(Mul¬

tiplying exponents instead of adding them.)

(15)

2.

Mistakes in the use of signs.

3.

Failure to deal with parentheses correctly.

4.

Mistakes in arithmetic.

5.

Term neglected.

Accidental and Recurring Errors in multiplioa-

tion test -- The errors made in the multiplication test
were classified as accidental and recurring.
are listed in the following order:
Accidental Errors
1.

Mistakes in arithmetic.

These errors
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2.

Incorrect copying.

3.

Failure to bring down a term.

4.

One term of the binomial not multiplied.

5.

Term neglected.

Recurring Errors

(16)

1.

Wrong process.

2.

Failure to deal with parentheses correctly.

3.

Mistakes in the use of signs.

4.

Mistakes in dealing with exponents.

School Errors in the multiplication test —

The school errors discovered in the multiplication test
are listed as follows:
School A
1.

Mistakes in the use of signs.

2.

Failure to deal with parentheses correctly.

3.

Mistakes in dealing with exponents.

School B
1.

Mistakes in dealing with exponents.
t

2.

Failure to deal with parentheses correctly.

3.

Mistakes in arithmetic.

School C

(17)

1.

Mistakes in dealing with exponents.

2.

Mistakes in the use of signs.

3.

Failure to deal with parentheses correctly.

Test III - Division — The third section of

this test deals with problems in division.

Now division

-
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is the last member of the group of fundamentals but it
is not less important.

One must learn how to do prob¬

lems in simple division in order to solve the more diff¬
icult ones.

The examples were of varying difficulty.

The first problems were simple ones in short division
and then there were problems in long division using
simple expressions, and problems in long and short div¬
ision with literal and fractional exponents.

The

various errors made by the students in the division
section of the test are tabulated in Table XI.
Table XI
The Errors found in Division and the Percentage of
Times Each Error'occurred in the different Junior High
Schools in the city of Holyoke, Massachusetts.

Type of Error

Percentage of errors occurrin g in school
Total
B
C

Mistakes in dealing
with exponents.
Mistakes in signs.
Failure to bring
down a term.

9.9

36.1

25.8

36.8

30.4

40.3

5.6

•

0

3.8

21.8

‘

36.1
3.9
\

■>

in arithmetic . 9.9

26.1

5.9

8.6

36.6

8.7

17.7

21.8

Mistake in copying.

5.6

8.7

4.3

5.

Term neglected.

5.6

0

2.2

2.9

Mistakes

Wrong process.

•

(18)

Consideration of the errors made in the div-

is ion test — There were not so many errors made in the
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division section of the test.

However in division a

great percentage of the errors may be attributed to the
pupil!s inability to deal with exponents correctly.
Here the students were again, confused and they treated
the exponents incorrectly.

School B and C were found

guilty of this error 26.. 1$ and 25.8% of the total per¬
centage respectively, while the pupils in School A only
made the error 9.9% of the total percentage.

Mistakes

in the use of signs again contributed a large percent¬
age to the total,
errors.

it caused on the average 36.1% of the

In working out the solution of problems in

long division, many of the students failed to bring down
a term, pupils in School B did not commit this error at
all but the members of the other algebra classes did to
a slight degree.

Mistakes in arithmetic were also evi¬

dent in this section of the test.

It might be said again

that the students in the algebra class of School,B made
this error many times.

Other errors which were made in

the previous sections of this test were also made in this
section, such as mistakes in arithmetic, the use of the
wrong process,
terms.

errors in copying and the neglecting of

Those are the only errors which were made by

the students in the division test.
(19)

Actual illustration of a few of the errors

made by the students taken from, their test papers.
»-/

_

1.

,

-

-

-- —

....

.. . - -

—

Mistakes in dealing with exponents.

—
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14

+ 7cx = 2^

OR

12m^nrJ * 3mnrl) = 4mxnr^..

2.

Mistakes in signs.

6m r -S r 3m

3.

Mistakes in arithmetic.

/

-10rS -r 2r2 = - 12r . OR
4.

Wrong process.

5.

Term neglected.

9b * 3 = 6b.
12m^nr° t 3mnr'' = 45m^nrvr®
8c'

a cfJ 8

OR

6m -r -2 = - 6,

These illustrations are only a few of the mistakes made by
the students in the elementary algebra class.
(20)

Frequency of the errors in the division test --

As has already been stated, there were not as many errors
listed in the division part as the other sections.

The

students in Schools B and C made the greatest number of
errors in the use of signs and in dealing with exponents.
The members of the algebra class of School A made the
greatest number of mistakes in the use of signs and also
in using an incorrect process to solve the problems in
division.

It can be said without any hesitation that

mistakes in the use of signs was the most common error,
in the test results of the division section of the test.
It should be classified as a recurring error and an
attempt made to correct it.

Mistakes in the use of

signs do not seem to be serious errors but they are,
the changing of a plus or minus can make a great diff¬
erence in a problem.

The total number of errors made in

this test presented according to each school were,
School C made 186 errors, School A committed 71 errors
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■and School B only had 23 errors.
(21)

Ma.jor errors discovered in the Division test --

The following is a test of the major errors discovered in
the division section in descending order of frequency.

(22)

1.

Mistakes in the use of signs.

2.

Mistakes in dealing with exponents.

3.

Wrong process.

Accidental and Recurring Errors in Division --

test -- The errors made in the division test were class¬
ified as accidental and recurring, these errors are
listed in the following order.
Accidental Errors

.

1

Mistakes in arithmetic

2.

Incorrect copying.

3.

Failure to bring down

4.

Term neglected.

Recurring Errors
1.

Wrong process.

2.

Failure to deal with parentheses correctly,

3.

Mistakes in the use of signs.

4.

Mistakes in dealing with exponents.

(23) School Errors in the Division test -- The
school errors discovered in the division test are listed
as follows:
School A
1.

Wrong process.
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2.

Mistakes in the use of signs.

School B
1.

Mistakes in the use of signs.

2.

Mistakes in dealing with exponents.

3.

Mistakes in arithmetic.

School C

(24)

1.

Mistakes in the use of signs.

2.

Mistakes in dealing with exponents.

3.

Wrong process.

Test IV - Treating Simple Equations — Test IV

treating with simple equations is the last section of the
test given to the students in the elementary algebra
classes.

This section of the test has the usual ten

problems and the test has,examples of simple equations
solving for one unknown, formulas to be solved such as
the following:

In the formula s = bh, solve for h, when

s r 36, b = 9.

The errors found in the simple equation

test and the percentage of times each error occurred in
the algebra classes of the three different Junior High
Schools are presented in Table XII.
(25)

Interpretations of the results of the Simple
«

Eouatjon
test — In contrast to the division section of
.. — —
— —----

■

this test which had the smallest list of errors, the
simple equation test had the longest list.

This might

be attributed to the fact that the pupils were just
studying simple equations when the tests were administered
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Table XII
The Errors found in the Sample Equation Test and
the Percentage of times each Error occurred in the three
different Junior High Schools in the city of Holyoke,
Massachusetts.
m
^ -n
Type of Error

Percentage of errors occurring in school
^
Total
B
G

Mistakes in the use
of signs in trans¬
posing.

24.4

21.7

25

Mistakes in arithmetic .30.5

16.9

14.6

18.8

Mistakes in dealing
with parentheses
correctly.

14.5

12.5

12.3

20.5

15.6

15.7

Wrong process.

9.8

11.

'24.1

Error in transposition . 4.9

2.4

1

.

2.2

Term, neglected.

3.7

1.2

3.6

3.1

Error in copying.

2.4

3.6

2.6

2.8

Error in clearing of
fractions.

6.1

9.6

10.4

9.2

Error in dealing with
decimals.

6.1

9.6

14.1

11.2

Error in dealing with
exponents.

1.2

0

Failure to collect all
the terms.

0

0

0

.. 5

.3 '

.3

and perhaps did not have enough practice in the treatment
and solving of them.

Mistakes in the use of signs espec¬

ially in transposing were quite frequent and occurred in
all three classes to a high degree of percentage.

The
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j:

percentage of occurrence of this error in the three
classes was 25$ in School C,
21.7$ in School B.

24.4$ in School A and

Mistakes in arithmetic contributed

a large percentage to the total number of errors,

stu¬

dents of School A made this error 50.5$ of the total
percentage while School B and School A made the error
onlv 15$ of the total number.

Mistakes in dealing with

parentheses correctly, neglecting terms,

errors in

dealing with exponents, failure to collect all terms,
errors in cop3hng and the use of incorrect processes
were also committed in this section of the test but to
a very slight degree.

The errors which were new to this

section of the test are,

errors in transposition which

were committed on the average of 2.2$ of the total
errors made.

Error in clearing of fractions formed

another error in elementary algebra, School B and C
committed this error 9.6$ and 10.4$ respectively, while
School A only made that mistake 6.1$ of the total per¬
centage.

The students also made mistakes in dealing
i

with decimals and the percentage of errors for this test
was similar to those involving'the clearing of fractions
Students in School C attributed 14.1$ of the total per¬
centage to this failure in dealing with decimals correct

iy •
(26)

Some actual errors made in the test papers —

Examples of many of the errors listed in Table XII have
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already been illustrated, but the new errors that have
arisen in the simple equation test will be made known.
There are many examples of errors in the use of signs
in transposing scattered throughout the test papers but
only a few may serve to illustrate it.

2b * 2 = 12,

then 2b = 14 and b = 7, OR 6r = 7r * 3, then 13 r = 3
and r = 3/13.

Mistakes and inability to handle decimals

correctly is shown in the following illustration.
for b:

.2b/5 = 4 -

Solve

.3b/5, then 20/5 = 4 - 30/5 and

t>;_4^4_6orT2.

There was also ample evidence

presented in the test papers to illustrate that clear¬
ing of fractions was not clearly understood.

Tne same

problem taken from another pupil’s test paper presents
the following situation.
then 15

.2b/5 = 15 (4)

Solve for b:

-15

.2b/5 = 4 - .3b/d

.3b/5 and 15b = 60 -

.9.

An

illustration of an error in transposing is found in the
following problem.
when s

=

36, b

(27)

=

9.

In the formula s = bn, solve 1ox h,
36

=

9

n tnen

06

=

^

-

Distribution of the errors found in simple

eauation test — There was a total of 357 errors made by
i

.

—

.

■

——

the three classes in elementary algebra.

School C which

has a group of sixty-one students committed 192 errors,
School A with twenty-five pupils made 82 errors and
School B with a class of thirty-one students contributed
83 errors towards the total score.

Errors in .'arithmetic

presented the most serious difficulty to students in
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School A.

While students in the other two schools were

/

troubled with the proper use of signs in transposing.
(28)

Major errors discovered in the Simple Equation

test — The following is a list of the major errors dis¬
covered in the simple equation test in descending order
of frequency.

(29)

1.

Mistakes in the use of signs in transposing.

2.

Mistakes in arithmetic.

3.

Wrong process.

4.

Mistakes in dealing with parentheses correctly.

Accidental and Recurring Errors -- The errors

made in the simple equation test were classified as
accidental and recurring.

These errors are listed in the

following order:
Accidental Errors
1.

Mistakes in arithmetic.

2.

Incorrect copying.

5.

Term neglected.

4.

Error in transposing.

5.

Error in clearing of fractions.

6.

Error in dealing with decimals.

Recurring Errors
T.

Wrong process.

2.

Mistakes in the use of signs in transposing.

3.

Mistakes in dealing with exponents.
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(50)

School Errors in the Simple Equation test - i

The school errors discovered in the simple equation test
are listed as follows:
School A
1.

Mistakes in arithmetic.

2.

Mistakes in the use of signs in transposing.

3.

Wrong process.

School B
1.

Mistakes in the use of signs in transposing.

2.

Wrong process.

3.

Mistakes in arithmetic.

School C
1.

Mistakes in the use of signs in transposing.

2.

Wrong process.

3.

Mistakes in arithmetic.

t

CHAPTER V

RESTATEMENT OF PROBLEM, CONCLUSIONS AMD LIMITATIONS

Chapter V
Summary, Conclusions and Limitations
(1)

Restatement of Problem — The purpose of this

study is two-fold:
(1)

To discover the most common errors made

by students in elementary algebra.
(2)

To discover the frequency of their

occurrence.
(2)

Conclusions based on the data presented in the

experiment — For purposes of brevity and conciseness the
results are classified into three sections.

Section (a)

lists the most common errors made by the students in
descending order of frequency.

Section (b) distinguishes

between accidental and recurring errors and section (c)
lists the school errors.
(a) Most common errors made in the entire test
1.

Mistakes in the use of signs.
t

2.

Mistakes in dealing with exponents.

3.

Mistakes in the use of signs in

transposing.
4.

Wrong process.

5.

Mistakes in arithmetic.

6.

Failure to deal with parentheses

correctly.
7. Term neglected.
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Most common errors discovered in Addition
and Subtraction Test.
1. Mistakes in arithmetic.
1. Failure to deal with parentheses
correctly.
3.

Wrong process.

4.

Mistakes in the use of signs.

5.

Term neglected.

Most common errors discovered in Mul¬
tiplication Test.
1.

Mistakes in dealing with exponents.

2.

Mistakes in the use of signs.

3.

Failure to deal with parentheses

correctly.
4.

Mistakes in arithmetic.

5.

Term neglected.

Most common errors discovered in Division
Test.
i

1.

Mistakes in the use of signs.

2.

Mistakes in dealing with exponents.

3.

Wrong process.

Most common errors made in Simple Equation
Test.
1.

Mistakes in the use of signs in

transposing.
2.

Mistakes in arithmetic.
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3.
^
4.

.

Wrong process.
Mistakes in dealing with paren¬

theses correctly.
(h)

Accidental and Recurring Errors in the

Entire Test.
Accidental
1.

Mistakes in arithmetic.

2.

Incorrect copying.

3.

Failure to bring down a term.

4.

One term of binomial not multiplied.

5.

Term neglected.

6.

Error in transposing.

7.

Error in clearing of fractions.

8.

Error in dealing with decimals.

Recurring
1.

Yfrong process.

2.

Failure to deal with parentheses

correctly.
3.

Failure to simplify or collect

terms correctly.
4.

Mistakes in the use of signs.'

5.

Mistakes in dealing with exponents.

Accidental and Recurring Errors in the
Addition and Subtraction Test.
Accidental
1.

Mistakes in arithmetic.
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2.

Incorrect copying.

3.

Failure to bring down a term.

4.

Term neglected.

Recurring
1.

Wrong process.

2.

Failure to deal with parentheses

correctly.
3.

Failure to .simplify or collect

terms correctly.
4.

Mistakes in the use of signs.

Accidental and Recurring Errors in the
Multiplication Test.
Accidental
1.

Mistakes in arithmetic.

2.

Incorrect copying.

3.

Failure to bring down a term.

4.

One term of the binomial not' mul¬

tiplied.
\

5.

Term neglected.

Recurring
1.

Wrong process.

2.

Failure to deal with parentheses

correctly.
3.

Mistakes in the use of signs.

4.

Mistakes in dealing with exponents.
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-

Accidental and Recurring Errors in the
Division Test.
Accidental
1.

Mistakes in arithmetic.

2.

Incorrect copying.

3.

Failure to bring down a term.

4.

Term neglected.

Recurring
1.

Wrong process.

2.

Failure to deal with parentheses

correctly.
3.

Mistakes in the use of signs.

4.

Mistakes in dealing with exponents.

Accidental and Recurring Errors in the
Simple Equation Test.
Accidental
1.

Mistakes in arithmetic.

2.

Incorrect copying.

3.

Term neglected.
\

4.

Error in transposing.

5.

Error in clearing of fractions.

6.

Error in dealing with decimals.

Recurring
1.

Wrong process.

2.

Mistakes in the use of signs in

transposing.
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°*

Mistakes in dealing with exponents.

(c) School Errors in Entire Test
School A
!•

Mistakes in arithmetic.

2•

Mistakes in the use of signs,

o.

Failure to deal with parentheses

correctly.
School B
1.

Errors in dealing with exponents.

2.

Mistakes in arithmetic.

3.

Mistakes in the use of signs.

School G
1.

Errors in dealing with exponents.

2.

Mistakes in the use of signs.

3.

Mistakes in arithmetic.

School Errors in Addition and Subtraction
Test
t

School A
1.

Failure to deal with parentheses

correctly.
2.

Mistakes in arithmetic,1

School B
1.

Mistakes in arithmetic.

2.

Wrong process.

School C
1.

Mistakes in arithmetic.
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2.

Failure to deal with parentheses

correctly.
School Errors in the Multiplication Test.
School A
1.

Mistakes in the use of signs.

2.

Failure to deal with parentheses

correctly.
3.

Mistakes in dealing with exponents.

School B
1.

Mistakes in dealing with exponents.

2.

Failure to deal with parentheses

correctly.
3.

Mistakes in arithmetic.

School G
1.

Mistakes in dealing with exponents.

2.

Mistakes in the use of signs.

3.

Failure to deal with parentheses

correctly.
t

School Errors in the Division Test
School A
1.

Wrong process.

2.

Mistakes in the use of signs.

School B
1.

Mistakes in the use of signs.

2.

Mistakes in dealing with exponents.

3.

Mistakes in arithmetic.
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School G
1.

.

Mistakes in the use of signs.

2

Mistakes in dealing with 'exponents.

3.

Wrong process.

School Errors in the Simple Equation Test
School A
1.

.

2

Mistakes in arithmetic.
Mistakes in the use of signs in

transposing.
3.

Wrong process.

School B
1.

Mistakes in the use of signs in

transposing.

.

2

Wrong process.

3.

Mistakes in arithmetic.

School C
1.

Mistakes in the use of signs in

transposing.

.

(3)

t

2

Wrong process.

3.

Mistakes in arithmetic.

v

Limitations -- This study would be more

accurate if more subjects could be included.

Also in

some of the classes the students did not do all the
problems in the division test.

Obviously it is im¬

possible to determine the cause of an error until the
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error

been made.

It, would have "been better if the

students attempted the difficult problems.

✓

i

CHAPTER VI

COMPARISON OF THIS STUDY WITH SIMILIAR STUDIES

Chapter VI
Comparison With Other Surveys
(1)

Related Surveys — Henry Hotz carried on an

experiment similar to this one.

While he was construct¬

ing his scales he believed that tests should be used much
more extensively to reveal weaknesses in teaching and to
aid in the diagnosis of difficulties encountered by
pupils.

After his test was finished,

it ¥/as administered

to several hundred students to establish the validity and
reliability of the scales.

An analysis of the test re¬

sults v/as made to discover the most common errors.
(2)

Comparison of Related Studies with this Study -

Many of the errors discovered in the two studies were si
similar and these similar errors are listed as follows:
Test I

-

Addition and Subtraction

1.

Failure to deal with parentheses correctly.

2.

Wrong process.

Test II -

Multiplication

1.

Mistakes in dealing with, exponents.

2.

Mistakes in the use of signs.

3.

Failure to deal with parentheses correctly.

4.

Wrong process.

Test III-

Division

1.

Mistakes in dealing with exponents.

E.

Wrong process.

3. Mistakes in the use of signs.
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Test IV -

Simple Equations

1.

Mistakes in the use of signs in transposing.

2.

Wrong process.

3.

Failure to deal with parentheses correctly.

4.

Errors in arithmetic.

5.

Errors in copying.
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C. A. Gregory Co., 345 Calhoun Street, Cincinnati, Ohio.

Series A

DOUGLAS STANDARD DIAGNOSTIC TESTS FOR
ELEMENTARY ALGEBRA

Form I

TEST I—ADDITION AND SUBTRACTION

Score

Time—Seven Minutes

Name of Pupil...Age.Date
School.Section...Teacher...

1.

2.

Add:
8b
3b
=Ans.

3.

Add:
6x
—2x
=Ans.

Add:
4b2d
—6b2d
b2d
—4b2d
=Ans.

4. Find the sum of:
5c—4d2, 3d2—4c—3m2,
and 2d2—c—xy.

5. Simplify by collecting terms: 13a2 + 7ab3 — 4x2y — 10a2 — iab3 — 2a2 — 2x2y T m3.

6. Simplify by removing parenthesis and collecting terms:
2c — 3b3 — (5c — 4b3) — (4c + [c + b3] — b3)

7.

Substract:
8b
3b

8.

=Ans.

10.

From ab2 + 7yz take 4ab2 — 2yz:

9.

Subtract:
4m2p
3m2p
=Ans.

Subtract:
8b2 —- 10x4 + 7bx3
3b2 — 6x4 — 4bx3
=Ans.
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DOUGLAS STANDARD DIAGNOSTIC TESTS FOR
ELEMENTARY ALGEBRA

Series A
Form I

TFST
T!
X lJU X
XX

Score

MTTTTTPTJflATTON
XVX UJJl XX XJivxl X XViN

1

Name of Pupil._.Age.

1.

Multiply:
3b
2

Date.

2,

3.
2m . 5m = ?

Multiply:
2x by — 3x

=Ans.

4.

7.

Multiply:
3a3x
2a2x2
-

5.

Multiply:
m2 — 2mn + n2
—3m

9.

Multiply:
3bx
4b2x
-

~

gmn (7 — 2ma2) =

8.

10.
(2a —3ac2)

(a3 — c2) =

fi.

Multiply:
2r2s + 2rs2 — 3mr -f 3ms
2mr — 2ms

Multiply:
2m^ —

yH

3m* — 4y*

?
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Series A

DOUGLAS STANDARD DIAGNOSTIC TESTS FOR
ELEMENTARY ALGEBRA

Form I

TEST III—DIVISION
Time—Ten Minutes

Name of Pupil.Age.Date

1.

Divide:
Ans. =

9b by 3

2.

3.

Divide:
Ans. =

6m by — 2

4.

Divide:
Ans. —

8c2 by c

— 10r3
__ ?

2r2

5.

12m4nr5 -4- 3mnr3 = ?

6.

Divide:
24b4 —48b2 + 16b by--8

7.

Divide:
14cx+3 by 7cx

8.

Divide:
x3 — 8x2 + 15x — 18 by x — 6

10.

9.
p 4" 2

Divide:
m4 4- 16 4- 4m2

by

2m 4- m2 4- 4

Score
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Series A

DOUGLAS STANDARD DIAGNOSTIC TESTS FOR
ELEMENTARY ALGEBRA

Form I

TEST IV—SIMPLE EQUATIONS
Time—Nine Minutes

Age.

Name of Pupil

.Date.

1.

Solve form:
4m = 12

2.

Solve form
4 n = — 16

3.

Solve for b:
2b + 2 = 12

4.

Solve for r:
6r = 7r + 3

5.

Solve for y:
5y + 7 = 63 - - y

6.

Solve for q:
5q — (2q — 3) = 6

7.

In the formula s = bh, solve for h, when s = 36, b = 9.

8.

Solve for a:
a (2 — a) +2 = 4a — a2

10.

Solve for x:
x3 + 5 + 3x + 2 (x + 5)

9.

2x — x (2 — x2) —

Solve for b:
.2b
- = 4 —
5

.3b
5

Score
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